Hemodynamics and the focal origin of atherosclerosis: a spatial approach to endothelial structure, gene expression, and function.
Atherosclerosis originates at predictable focal and regional sites that are associated with complex flow disturbances and flow separations in large arteries. The spatial relationships associated with hemodynamic shear stress forces acting on the endothelial monolayer are considered in experiments that model regions susceptible to atherosclerosis (flow disturbance) and resistant to atherosclerosis (undisturbed flow). Flow disturbance in vitro induced differential expression at the single gene level as illustrated for the intercellular communication gene and protein, connexin 43. Transcription profiles of individual endothelial cells isolated from both disturbed and undisturbed flow regions exhibited more expression heterogeneity in disturbed than in undisturbed flow. We propose that within highly heterogeneous populations of endothelial cells located in disturbed flow regions, proatherosclerotic gene expression may occur within the range of expression profiles induced by the local hemodynamics. These may be sites of initiation of focal atherosclerosis. Mechanisms are proposed to account for heterogeneous endothelial responses to shear stress by reference to the decentralized model of endothelial mechanotransduction. Length scales ranging from centimeters to nanometers are useful in describing regional, single cell, and intracellular mechanotransduction mechanisms.